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INTRODUCTION
Thiamine, or vitamin Bl9

is a necessary exogenous growth

factor for many microorganisms and most vertebrate species.
Thiamine consists of 2-methyl-4-amino-5-hydroxymethylpyrimidine (hydroxymethylpyrimidine) and 4-methyl-5-(2-hydroxyethyl)
thiazole (thiazole) linked by a methylene bridge as is shown
below:
mi

!

2

in

H,-l
N

Thiamine is functional in metabolism only as its pyrophosphoric acid ester, thiamine pyrophosphate.

Thiamine pyro-

phosphate functions as a coenzyme for a number of enzymes
which catalyze either the non-oxidative or oxidative decarboxylation of alpha-keto acids such as pyruvate and alphaketoglutarate (12).
Although the coenzymic functions of thiamine have been
studied extensively, its catabolic fate has only recently
been investigated.

In 195^ McCarthy, Cerecedo and Brown (13)

reported the presence of thiazole-35s in the urine of rats
after administration of thiamine-35s.

Subsequently, Verrett

and Cerecedo (22) reported the presence of thiazole-35s in
rabbit urine after administration of thiamine-35s.
Later investigations indicated the possibility of a
large number of urinary metabolites of thiamine (3,10,17,18).

After intraperitoneal injection of thiazole-2-l2|C-labeled
thiamine into rats, Iacono and Johnson (10) detected a
minimum of 15 radioactive metabolites by paper chromatography.
One of these metabolites was identified as thiazole.

Both

Neal and Pearson (17) and Balaghi and Pearson (3) demonstrated
that thiamine was quite stable at the normal pH of urine and
at room temperature which indicated that the metabolites
found were "true metabolites".
Several additional metabolites have been identified by
various investigators.

Neal and Pearson (18), having failed

repeatedly to detect hydroxymethylpyrimidine in the urine of
rats and humans administered thiamine-l!|C, investigated the
possibility of the conversion of thiamine to another product(s)
They were successful in isolating and characterizing an oxidation product of hydroxymethylpyrimidinej 2-methyl-^-amino5-pyrimidine carboxylic acid (pyrimidine carboxylic acid),
by ultraviolet spectral analysis, radioautography, and
recrystallization to constant specific activity.

Pyrimidine

carboxylic acid was also detected in the urine of germ-free
rats, indicating that intestinal microflora were not responsible for its production.

Shintani (20) had reported earlier

the presence of pyrimidine carboxylic acid in the urine of
rabbits after injection with hydroxymethylpyrimidine.
A second metabolite, 4-methylthiazole-5-acetic acid
(thiazole acetic acid), was identified by two different groups
of workers, Suzuoki, Matsuo, and Tominaga (21) and AriaeyNejad and Pearson (2), in the urine of conventional and

germ-free rats receiving thiazole-2-l4C-labeled thiamine.
This compound has also teen reported by Imai, Suzuoki and
Kobata (11) as a major metabolic product of thiazole in the
urine of rats.
Some research findings suggest that a portion of the
thiazole moiety of thiamine may be oxidized to carbon dioxide
(C0 2 ) and unidentified catabolites (3,5,10,13).

After the

administration of thiazole-2-l2+C-labeled thiamine to rats,
Iacono and Johnson (10) detected small amounts of radioactivity
in the form of expired

C 0 2 , and Balaghi and Pearson (3)

reported as much as 2k% of a daily thiamine intake of 30 ug
was expired as ^ C 0 2 .

In addition Borsook, Buchman, Hatcher,

Yost and McMillan (5) and McCarthy, et_ aJL. (13) reported
urinary excretion of -^S-labeled inorganic sulfate in humans
and rats following administration of thiamine-^^S.

The

presence of inorganic sulfate indicated extensive degradation
of the thiazole moiety of thiamine.
A number of species of microorganisms have been shown
to degrade thiamine in vitro and in vivo (24). In these
organisms, thiamine is the substrate for two enzymes, namely
thiaminase I and thianinase II.

Thiaminase I catalyzes the

decomposition of thiamine by a base-exchange reaction
involving a nucleophilic displacement on the methylene group
of the pyrimidine moiety.

Thiaminase I has been isolated

from Bacillus thiaminalyticus and Clostridium thiaminolyticum
(24).

Thiaminase II catalyzes the hydrolysis of thiamine and

has been reported in many bacteria, such as Bacillus aneurina-
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y t l c u s > Micrococcus pyogenes and Escherichia coll, and in

yeast-like fungi (24).
Other than those investigations concerning the thiaminase enzymes, few studies have been done describing the
catabolism of thiamine in microorganisms.

Recently, Neal

has investigated the catabolism of thiamine in a bacterial
species (14,15,16).

By employing culture enrichment tech-

niques, he isolated a soil bacterium of the family Brevibactericeae which grows on thiamine as the sole carbon and
nitrogen source.

Neal grew the isolate in media containing

either thiazole-2-lijC-labeled thiamine or pyrimidine-2-l2|Clabeled thiamine.

Prom the culture media he isolated and

identified the following ^C-labeled metabolites:

2-oxy-

thiamine, thiamine acetic acid, 2-oxy-thiamine acetic acid,
4-methyl-5-(2-hydroxyethyl)thiazole,

4-methylthiazoie-5-

acetic acid, 2-oxy-4-methylthiazole-5-acetic acid, 2-methyl4-amino-5-hydroxymethylpyrimidine, 2-methyl-4-hydroxy-5hydroxymethylpyrimidine, and
carboxylic acid.

2-methyl-4-hydroxy-5-pyrimidine

In 1969 Neal (15) proposed a scheme for

the sequential formation of the metabolites in which thiamine
acetic acid was denoted as the key initial metabolite.
Further work by Neal (16) clarified the mechanism for
the oxidation of thiamine to thiamine acetic acid.

He

purified to homogeneity a flavoprotein which catalyzes the
oxidation of one mole of thiamine and two moles of oxygen to
one mole of thiamine acetic acid.

The flavoprotein was

assigned the trivial name thiamine dehydrogenase.

In an attempt to compare the metabolic pathway of thiamine catabolism in mammals with that found in the soil isolate.
Amos and Neal (1) identified thiamine acetic acid in rat and
human urine.

The enzyme responsible for the conversion of

thiamine to thiamine acetic acid in mammals has been tentatively identified as a nicotinamide adenine dinucleotidedependent alcohol dehydrogenase (NAD+-alcohol dehydrogenase)
rather than the flavoprotein which is active in the soil
microorganism (R. A. Neal, personal communication).
Houston (9) has shown by radioautography that thiamine
acetic acid and thiazole acetic acid are thiamine metabolites
which accumulate in culture media in which the fungus Phycomyces blakesleeanus has grown.

Since there is very little

known about thiamine cataboiism in microorganisms, especially
filamentous fungi, the present investigation was undertaken
to determine the nature of the enzymatic reaction responsible
for the production of thiamine acetic acid by P_. blakesleeanus.

MATERIALS AND METHODS
Cultural Procedures
Phycomyces blakesleeanus (+ mating type, Vanderbilt
strain) was the organism used for all experimentation.

Stock

cultures were maintained on agar slants of glucose-asparagine
medium of the following composition per liter:

asparagine,

3.0 g; glucose, 10.0 g; KH 2 P0 4 , 1.5 g; MgSOz,-7H2O, 0.50 g;
thiamine, 0.2 mg; agar, 1.5$; and trace elements (added from
a stock solution containing CaCl 2 , ZnSO^ and FeNH^ (SOj,)2 —
C a + + , 80 mg; F e + + + , 0.3 mg; and Zn + + , 0.4 mg) (9).
Glucose-asparagine broth was prepared and distributed
in 500 ml quantities into 1.0 liter Erlenmeyer flasks and
sterilized by autoclaving at 121 C for 15 minutes.

The broth

in each flask was inoculated with 0.5 ml of a spore suspension
prepared by shaking mature sporangia from a stock culture in
5.0 ml of sterile 0.85$ saline solution to release the spores.
The spore suspension was heat-shocked at 48-53 C for 3 minutes
in a water bath before inoculating the media.

The cultures

were incubated at 15 C for 24 hours and then at room temperature for 48-96 hours with gentle shaking.

Mycelia were

separated from the cultural liquid by filtration through
cheesecloth (8).
Preparation of Crude Enzyme Extract
The mycelia were washed thoroughly with distilled
water to remove traces of the culture medium.

Approximately

100 ml of sonication buffer (0.1 M sodium phosphate buffer,

pH 7.2, containing 1 mM ethylenediaminetetraacetic acid
(EDTA), and 0.1 mM 2-mercaptoethanol) and 50 g of raycelia
(wet. weight) were mixed and then homogenized in a Waring
blender at low speed for 5 minutes.

The homogenized sus-

pension was sonicated for 20 minutes using a Bronson-Ultrasonics, Inc. Sonifier Cell Disrupter (Model W140D) at a
power setting of 85 watts.

The temperature of the homogenate

was maintained between 10-20 C during sonication.

The

homogenate was centrifuged at 13,000 x g for 20 minutes in
a refrigerated centrifuge at 4 C.

The supernatant obtained

was the crude enzyme extract.
Protamine Sulfate and Ammonium Sulfate Fractionation of
Crude Enzyme Extract
In some experiments the nucleic acids of the crude
enzyme extract were precipitated by adding 0.25 g protamine
sulfate per 100 ml of extract.

The protamine sulfate was

first dissolved in 20 ml of water by gentle heating and
then added to the stirring extract which was maintained at
a temperature of 4 C.

After 15 minutes of constant mixing

the solution was centrifuged at 13,000 x g for 15 minutes
in a refrigerated centrifuge at 4 C.
The protein was precipitated from the supernatant by
dialyzing the extract against an appropriate amount of
saturated ammonium sulfate solution at 4 C for at least
8 hours to obtain 90$ saturation.

The protein was isolated

by centrifugation and dissolved in a suitable quantity of
sonication buffer.

All operations were carried out at 4 C.
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Enzyme Assay Procedures
In attempts to detect thiamine dehydrogenase activity,
two assay methods were used:

a manometric assay (16)

measuring oxygen uptake and a spectrophotometric assay (16)
measuring ferricyanide reduction at 420 nm.

The manometric

assay was performed using a Gilson respirometer.

The main

chamber of the reaction flasks contained 100 umoles of
potassium phosphate (pH 7.2), 2.0 umoles of EDTA, 0.2 umoles
of 2-mercaptoethanol, and 0.1 to 0.4 ml enzyme extract,
in a final volume of 1.9 ml.

The center well contained

0.2 ml of 30$ NaOH (w/v) solution for C0 2 absorption, and
the side arm contained 10 umoles of thiamine.

The reaction

was started by adding the thiamine to the main chamber by
tilting the flasks.

Oxygen uptake was measured for 15 minutes,

The ferricyanide assay was carried out on a Bausch and
Lomb Spectronic 505 Recording Spectrophotometer.

To the

reaction cuvette were added 200 umoles of sodium phosphate
(pH 7.2), 20 umoles of thiamine, and 0.1 to 0.4 ml enzyme
extract in a final volume of 3.6 ml.

After the cuvette was

zeroed, ferricyanide (1.4 ml, 3.5 umoles) was added and mixed,
and the rate of decrease in absorbancy followed and compared
with that of a blank containing buffer, ferricyanide, and
enzyme but no thiamine.

The rate of change of absorbancy

of the blank averaged 0.050 absorbancy units per minute.
Readings were recorded every minute for 5 minutes.
Alcohol dehydrogenase was assayed by following the
reduction of NADP + at 340 nm on a Bausch and Lomb Spectronic

505 Recording Spectrophotometer.

The reaction mixture con-

tained 0.05 to 0.20 ml of enzyme extract, 50 umoles TrisHC1 (pH 7.4), 1.34 pnoles NADP + , and either 815.O umoles of
ethanol or 83.0 umoles of thiazole in a final volume of 1.0
ml.

The reaction was started by addition of the coenzyme.

One unit of enzyme activity was expressed as that amount of
enzyme causing the reduction of one umole of NADP + per
minute.
Polyacrylamide Disc Gel Electrophoresis
Polyacrylamide disc gel electrophoresis was performed
for enzyme detection.

A stock mixture of 100 g of acryla-

mide and 3.67 g of N,N'-methylenebisacrylamide was used in
the preparation of the gels.

From this stock mixture 5%

gels were polymerized in glass tubes (0.6 x 0.6 cm) using
ammonium persulfate (1.5 mg/ml) as the catalyst.

Electro-

phoresis was carried out in a Canalco Analytical Disc Gel
Electrophoresis Model 6 apparatus.
Three buffer systems were used to prepare the 5% gels:
(a) Tris-EDTA-borate, (b) 0.04 M histidine-NaOH, and (c)
Tris-glycine.

The Tris-EDTA-borate gel buffer contained

33 mM Tris, 26.9 mM EDTA, 0.03$ N,N,N',N'-Tetramethylethylenediamine (TEMED), and 20$ glycerol; the electrode buffer was
composed of 82.5 mM Tris and 2.7 mM EDTA and adjusted to
pH 9.0 with a saturated solution of boric acid.

The 0.04 M

histidine-NaOH gel buffer consisted of 5.4 mM histidine-HCl,
0.037$ TEMED, and was adjusted to pH 9.0 with 1.0 M NaOH;
the electrode buffer consisted of 0.03 M borate adjusted to
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pH 9.0 with 1.0 M NaOH.

The Tris-glycine gel buffer contained

0.48 M HC1, 6.0 M Tris. and 0.191 TEMED; the electrode buffer
contained 5 mM Tris base and 0.038 M glycine.

Electrophoresis

was carried out at a constant current of 4 ma per gel column
using bromophenol blue as the tracking dye.
In attempts to test for the presence of thiamine dehydrogenase, the gels were stained at 37 C in a reaction mixture
containing 300 mM potassium phosphate buffer at pH 7.2,
0.24 mM nitroblue tetrazolium, 0.08 mM phenazine methosulfate
and 5-8 mM thiamine.

The same reaction mixture containing

in addition 6.0 mM MgCl 2 -4H 2 O and 0.26 mM NADP + was used to
stain the gels for NADP+-dependent alcohol dehydrogenase.
The substrate used was either 5•8 mM thiamine, 815 mM ethanol
or 83 mM thiazole.
Thin-Layer Chromatography
Erinkman microcrystalline cellulose plates (10 x 20 cm)
were used for thin-layer chromatography.

Aqueous samples

were applied to the coated plates in linear bands at a
distance of 3 cm from the bottom.

Generally, the bands of

the unknown sample and those of the standard were overlapped
for identification purposes.

The thin-layer plates were

developed in various solvent systems in a closed glass
container until the solvent migrated about 15 cm from the
sample origin.

The plates were removed from the solvent,

allowed to dry, and the standard compounds located under
ultraviolet light.
The three solvent systems used were as follows:
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n-propyl alcohol/1.0 M acetate buffer (pH 5.0)/water (70/10/
20, v/v) (Solvent PAW); chloroform/methanol/aqueous 10* (w/v)
ammonia (65/35/3.5, v/v) (Solvent CMA); n-propyl alcohol/
0.1N HC1 (67/63, v/v) (Solvent PH).
Radloauto graphy
Radioautograms were prepared by exposing the thin-layer
chromatograms to Eastman no-screen X-ray film.

Before expo-

sure, radioactive ink (red ink containing thiamine-l2|C) was
applied in various patterns to the extremities of the
chromatograms so they could later be matched to the developed
film.

The films were exposed for one to three weeks depend-

ing on the amount of radioactivity.

They were developed in

the conventional manner.
Preparation of 4-methyl-5-(2-hydroxyethyl)thiazole
The compound 4-methyl-5-(2-hydroxyethyl)thiazole was
prepared according to the method of Williams and Cline (23).
Thiazole was extracted from the reaction liquid with chloroform and then concentrated by evaporation under vacuum.
Preparation of NADP^-dependent Alcohol Dehydrogenase
The crude enzyme extract was dialized against an appropriate amount of saturated ammonium sulfate solution for
four hours to obtain a 45% saturated extract.

The extract

was then centrifuged at 13,000 x g for ten minutes, and the
pellet discarded.

The supernatant was dialized against an

appropriate amount of ammonium sulfate solution for an
additional four hours to precipitate the alcohol dehydrogenase,
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The enzyme was found in the ^5% to 70$ fraction.

The pre-

cipitate was recovered by centrifugation at 13,300 x g, and
the supernatant was discarded.

The pellet was dissolved in

a small amount of sonicating buffer and the resulting solution was designated as the partially-purified alcohol
dehydrogenase.
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RESULTS
The initial experiments of this investigation consisted
of attempts to detect thiamine dehydrogenase activity in
extracts prepared from mycelia of Phycomyces blakesleeanus.
The fungus was first grown on glucose-asparagine media and
crude enzyme extracts prepared.

The crude enzyme extracts

were assayed for thianine dehydrogenase activity by disc gel
electrophoresis, spectrophotometry and manometry.

Because

of the rapidity with which it could be performed, the spectrophotometric method was eventually used as the primary means
of assay.

No thiamine dehydrogenase activity could be

detected in the crude extracts.

In subsequent experiments

the extracts were concentrated by ammonium sulfate precipitation.

The protein was isolated by centrifugation and

suspended in a small amount of sonicating buffer.

Although

numerous attempts were made to demonstrate thiamine dehydrogenase activity in the concentrated extract, none was
successful.
The composition of the glucose-asparagine medium and
the period of incubation were altered in an attempt to
induce enzyme production.

The variations were as follows:

(1)

Excess thiamine (12 uM, 1.0 mM, 6.0 mM) was
added to the basal medium, and after inoculation the medium was incubated as described
previously in "Materials and Methods".

(2)

A limiting amount of thiamine (0.02^ uM) was
added to the basal medium and, in addition,
1*1.0 mM thiazole. The incubation period was
extended to seven days and other growth conditions remained constant.
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(3)

A limiting amount of pyrimidine (0.66 uM) and
an excess amount of thiazole (14.0 mM) were
incorporated in the basal medium. The incubation period was.extended to seven days, and
other growth conditions remained constant.

These experiments were performed in duplicate and
repeated a minimum of two times.

Enzyme extracts of mycelia

grown under these conditions did not possess thiamine dehydrogenase activity.

Thus, experiments were conducted to

confirm the production of thiamine acetic acid by Phycomyces
blakesleeanus as had been reported previously by Houston (9).
A reaction mixture (Reaction Mixture A) was prepared in
duplicate consisting of 2.4 ml enzyme extract concentrated
by ammonium sulfate precipitation, 1.34 mM NADP + and
thiazole-2-^-^C-labeled thiamine (10 uCi) in a final volume
of 3.4 ml.

The mixture was incubated at 30 C for 4 hours

with gentle shaking.

The protein was precipitated with

four volumes of acetone and removed by centrifugation at
13,000 x g.

The supernatant was reduced in volume under

vacuum to 5 ml.

The remaining solution was lyophilized and

dissolved in 0.5 ml distilled water.

The de-proteinized

reaction mixture and appropriate standards were then
streaked on thin-layer plates, developed in solvent systems
PAW and PH, and subjected to radioautographic analysis.
Two radioactive metabolites were detected on the thin-layer
plates.

Similar R f values for the unknown compounds and

authentic thiamine and thiamine acetic acid were obtained.
A diagram of a representative radioautogram is shown in
Figure 1.
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Figure 1.

Diagram of a radioautogram of Reaction Mixture A.
The chromatoeram was developed in n-propyl alcohol/
1.0 M acetate buffer (pH 5.0)/water "(70/10/20,
v/v), and exposed to x-ray film for 48 hours.
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Recent findings by R. A. Neal (personal communication)
suggested another avenue of approach to the question of
thiamine acetic acid production by Phycomyces blakesleeanus.
He found that rat-liver and horse-liver NAD+-dependent alcohol dehydrogenase would utilize several compounds as substrates including thiamine and the thiazole moiety of thiamine.
Subsequently, Hinson (7) reported that horse-liver alcohol
dehydrogenase has high affinity for thiazole (K-,:
10

M) but very low activity with thiamine.

8.6 x

In view of

these findings, a crude enzyme extract of P. blakesleeanus
was assayed for the presence of alcohol dehydrogenase.

Using

ethanol as a substrate, alcohol dehydrogenase activity was
detected spectrophotometrically in the crude extract.

The

enzyne was determined to be NADP -dependent rather than
NAD+-dependent.

By testing the fractions obtained by dia-

lyzing the crude extract against saturated ammonium sulfate
solutions, the enzyme was found to be in the ^5-70$ fraction.
This partially-purified alcohol dehydrogenase preparation
utilized thiazole as a substrate but not thiamine under the
assay conditions used in this investigation.

The enzyme

was also detected by electrophoresis using the Tris-EDTAborate buffer system as described previously in "Materials
and Methods".
A crude enzyme extract and a partially-purified extract
were compared with respect to their ability to oxidize
thiamine and thiazole to thiamine acetic acid and thiazole
acetic acid, respectively.

Four reaction mixtures were
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prepared and designated Reaction Mixture I, II, III, and IV.
Each reaction mixture consisted of 1.34 mM NADP + , 50 mM
potassium phosphate buffer (pH 7.5), 10 units of enzyme,
and substrate in a total volume of 50 ml.

A crude enzyme

extract was used in Reaction Mixture I and II whereas
Reaction Mixture III and IV contained the partially-purified
enzyme.

Thiazole-2-li<C-labeled thiamine (3 pCi) was used

as the substrate in Reaction Mixture I and III and thiazole2- 1 C (3 pCi) was the substrate employed in Reaction Mixture
II and IV.

The reaction mixtures were incubated at 30 C

for four hours with gentle shaking and then de-proteinized
as described previously.

The de-proteinized reaction mixtures

and appropriate standards (thiamine, thiazole, thiamine acetic
acid and thiazole acetic acid) were then streaked on thinlayer plates of cellulose, developed in three solvent systems
(Solvent System PAW, CMA and PH) and subjected to radioautographic analyses.

The radioautographic analyses of Reaction

Mixture I and II revealed the presence of two
metabolites.

14

C-labeled

One of the metabolites had an R f value similar

to authentic thiamine acetic acid in three different solvent
systems.

The remaining unknown metabolite migrated in a

manner similar to thiazole acetic acid in each of three
solvent systems.

The radioautographic data are presented

in Table I.
When thiazole-2-lZiC was utilized as the substrate for
the two enzyme preparations (Reaction Mixture III and IV),
only one major metabolite, other than thiazole-2-l!*C, was

19

TABLE 1.

Comparison of R f values of 1^C-labeled unknown
metabolites isolated from Reaction Mixture I and
II with authentic samples of thiamine acetic acid
and thiazole acetic acid.

Compounds

Solvents

PAW

CMA

Thiamine Acetic Acid
Unknown

0.40
0.40

0.32
0.30

0.41
0.43

Thiazole Acetic Acid
Unknown

0.92
0.92

0.54
0.55

0.94
0.95

Each

PH

value is the average of triplicate determinations.
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detected by radioautography.

The -1- C-labeled metabolite had

an R^ value similar to authentic thiazole acetic acid in
each of three solvent systems.

A comparison of the R^

values of the unknown metabolite and authentic thiazole
acetic acid is presented in Table 2.

21

TABLE 2.

Comparison of R f values 1 of ^C-labeled unknown
metabolites isolated from Reaction Mixture III
and IV with authentic thiazole acetic acid.

Compound
Thiazole acetic acid
Unknown

Solvents

PAW

CMA

0.91
0.92

0.55
0.55

PH
0.93
0.95

R f value is the average of triplicate determinations.
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DISCUSSION
The object of this study was to investigate the in
vltro

enzymic oxidation of thiamine to thiamine acetic acid

by Phycomyces blakesleeanus.

At the outset of this investi-

gation thiamine dehydrogenase was the only enzyme known to
catalyze this reaction (16). As a result, considerable
effort was expended attempting to induce the production of
this enzyme by the fungus.
After failing to detect thiamine dehydrogenase activity
in extracts prepared from mycelia grown on the standard
glucose-asparagine medium, the first of the three variations
in the culture medium (addition of excess thiamine) was
prepared.

The addition of excess thiamine was an attempt

at substrate induction of the enzyme.

This change in the

growth medium failed to induce enzyme production by the
fungus under these growth conditions.
The rationale behind the preparation of the second
(limiting amount of thiamine and excess thiazole) and the
third (limiting amount of pyrimidine and excess thiazole)
variations in the culture medium was based on characteristics
of thiamine metabolism in Phycomyces blakesleeanus as
reported by Robbins and Kavanagh (19) and Bonner and Buchman
(4).

Robbins and Kavanagh (19) found that P_. blakesleeanus

does not require an external supply of thiamine if a mixture
of the two moieties, thiazole and hydroxymethylpyrimidine,
is supplied.

They also showed that these thiamine precursors
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are used by the fungus in molecularly equivalent quantities
in the synthesis of thiamine.

In an investigation of the

synthesis and destruction of thiamine by P. blakesleeanus,
Bonner and Buchman (1») found that thiamine was destroyed
with the liberation of free pyrimidine and an altered thiazole which was ineffective in conjunction with pyrimidine
in supporting the growth of the fungus.

They reported that

a ten-fold excess of thiazole results in at least twice as
much growth of P. blakesleeanus as a quantity of thiazole
molecularly equivalent to that of pyrimidine when the concentration of the latter is low.

This same effect was

observed when thiazole and limiting thiamine were added to
the culture medium.

The beneficial effect of excess thiazole

was thought to be due to the formation of more thiamine by
the combination of thiazole with the pyrimidine freed as the
thiamine molecule was destroyed.
In the second and third variations in the culture medium,
the need for more thiamine than supplied could possibly result
in a faster rate of thiamine breakdown after its use.

The

breakdown of thiamine would free the pyrimidine moiety for
conjugation with thiazole in the synthesis of more thiamine.
Since thiamine acetic acid is the key initial metabolite in
the catabolism of thiamine (15), the increased rate of thiamine catabolism would require increased production of the
enzyme which converts thiamine to thiamine acetic acid.
However, none of the variations in the culture medium resulted in the production of thiamine dehydrogenase by the fungus

2k
based upon the assay methods employed in this investigation.
The catabolism of thiamine in the soil microbe could be
considered to be unusual due to the fact that the organism
utilized thiamine as a carbon and nitrogen source rather than
specifically as a coenzyme.

For this reason, it is not sur-

prising that thiamine dehydrogenase activity could not be
detected in extracts of Phycomyces blakesleeanus.

Since

R. A. Neal (personal communication) found that NAD+-dependent
alcohol dehydrogenase from rat liver and horse liver utilizes
thiamine and thiazole as substrates, alcohol dehydrogenase
would also be expected to be active in thiamine catabolism
in P_. blakesleeanus.
In the present investigation thiazole, but not thiamine,
functioned as a substrate for alcohol dehydrogenase isolated
from Phycomyces blakesleeanus.

However, radioautographic

data did reveal that enzyme extracts of P. blakesleeanus
containing alcohol dehydrogenase activity do convert thiamine
to thiamine acetic acid.

In addition, Hinson (7) reported

that the activity of alcohol dehydrogenase for thiamine was
so low that a reaction time of four hours was required to
measure it.

In this study the failure to detect alcohol dehy-

drogenase activity for thiamine could be the result of a lack
of sensitivity in the instruments used.
Subsequent investigations by Hartz (6) have revealed
that two enzymes, aldehyde dehydrogenase and alcohol dehydrogenase, are necessary for the in vitro formation of thiamine
acetic acid and thiazole acetic acid by enzyme extracts of
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Phycomyces blakesleeanus.

Hartz found that if a crude enzyme

extract of the fungus is heated (60 C for 15 minutes), alcohol dehydrogenase remains active, but thiamine and thiazole
were not oxidized to the corresponding acids.

Thus, in

P_. blakesleeanus, the formation of thiamine acetic acid and
thiazole acetic acid appears to be a two-step reaction
involving two enzymes; namely, aldehyde dehydrogenase and
alcohol dehydrogenase.
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SUMMARY
Phycomyces blakesleeanus was grown in glucose-asparagine
medium in shake culture, and crude cell-free enzyme extracts
were prepared.

The crude enzyme extracts were assayed for

thiamine dehydrogenase activity.

No activity was detected

in the extracts and attempts to induce the production of the
enzyme by altering the culture medium and incubation period
were unsuccessful.
A NADP+-dependent alcohol dehydrogenase was detected
by spectrophotometry and gel electrophoresis in the crude,
cell-free extracts of Phycomyces blakesleeanus.

The enzyme

was found to utilize thiazole as a substrate but not thiamine
under the assay conditions employed.

A partially-purified

alcohol dehydrogenase extract was prepared by dialyzing a
crude enzyme extract against an appropriate amount of saturated ammonium sulfate and recovering the 45 to 70$ fraction.
The ability of a crude enzyme extract and a partially-purified
alcohol dehydrogenase preparation to catalyze the conversion
of thiamine to thiamine acetic acid was compared by radioautography.

The data revealed that both the crude and the

alcohol dehydrogenase preparation convert thiamine to thiamine
acetic acid and thiazole to thiazole acetic acid.
Apparently, Phycomyces blakesleeanus does not possess
thiamine dehydrogenase, but the accumulation of thiamine acetic
acid and thiazole acetic acid is due to the activity of NADP + dependent alcohol dehydrogenase and possibly aldehyde dehydrogenase.
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